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A B S T R A C T

The ongoing coronavirus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has imposed a significant impact on social and economic activities. As a high
infectious pathogen, the existence of SARS-CoV-2 in public space is very important for its transmission. During
the COVID-19 pandemic, hospitals are the main places to deal with the diseases. In this work, we evaluated the
exposure risk of SARS-CoV-2 in hospital environment in order to protect healthcare workers (HCWs). Briefly, air
and surface samples from 6 different sites of 3 hospitals with different protection levels were collected and tested
for the SARS-CoV-2 nucleic acid by reverse transcription real-time fluorescence PCR method during the COVID-
19 epidemic. We found that the positive rate of SARS-CoV-2 nucleic acid was 7.7 % in a COVID-19 respiratory
investigation wards and 82.6 % in a ICUs with confirmed COVID-19 patients. These results indicated that in
some wards of the hospital, such as ICUs occupied by COVID-19 patients, the nucleic acid of SARS-CoV-2 existed
in the air and surface, which indicates the potential occupational exposure risk of HCWs. This study has clarified
retention of SARS-CoV-2 in different sites of hospital, suggesting that it is necessary to monitor and disinfect the
SARS-CoV-2 in hospital environment during COVID-19 pandemic, and will help to prevent the iatrogenic in-
fection and nosocomial transmission of SARS-CoV-2 and to better protect the HCWs.

1. Introduction

To 19 June 2020, there have been 8,242,999 confirmed cases of
coronavirus disease 2019 (COVID-19), including 445,535 deaths, re-
ported to World Health Organization (WHO), which was declared as a
pandemic and global public health emergency by the WHO. The on-
going COVID-19 seriously threatens global health, and has a significant
impact on social and economic activities (Huang et al., 2020; Lai, Shih,
Ko, Tang, & Hsueh, 2020; Li, Guan et al., 2020; Munster, Koopmans,
van Doremalen, van Riel, & de Wit, 2020; Wang, Horby, Hayden, &
Gao, 2020). Mitigating the adverse economic impact of COVID-19

lockdown is the significant concern to maintain the normal social ac-
tivities and sustainable development of society (Rahman, 2020). The
causative pathogen of the COVID-19 was identified as a new strain of
coronavirus named the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) by the International Committee on Taxonomy of
Viruses (ICTV) (Lu, Stratton, & Tang, 2020; WHO, 2020a). The SARS-
CoV-2 is highly infectious and has showed a high transmissibility whose
R0 value is estimated as 2.3 but could be as high as 5.7 (Bulut & Kato,
2020; Zhang, 2020). Recent studies showed that close contact with
infected individuals, viral droplets and surfaces contaminated by SARS-
CoV-2 could lead to the transmission of SARS-CoV-2 among people
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(Diseases, 2020). In addition, clinical observations and retrospective
surveys have suggested that the aerosol transmission may be an im-
portant pathway for viral transmission, especially in the crowded place
and enclosed space (Berlanga et al., 2020; WHO, 2020b; Zhang et al.,
2019). Creating an antivirus-built environment could help for virus
prevention and control and to overcome future challenges and to build
healthy cities (Megahed & Ghoneim, 2020; Xu, Luo, Yu, & Cao, 2020).

Wuhan City in Hubei Province is the most seriously affected city in
China by the COVID-19 since the emergence of the SARS-CoV-2 in
December 2019 (Chen et al., 2020; Chung & Li, 2020; Munster et al.,
2020). After the outbreak of the COVID-19, healthcare workers (HCWs)
from other provinces have assembled in Wuhan to fight against the
epidemic (Jin et al., 2020; Wang, Hu et al., 2020). Unfortunately, since
little was known about the new virus in the early stages of the epidemic,
some HCWs were exposed to high-risk environment and infected by
SARS-CoV-2 (Prevention, 2020). So far, the HCWs are still the high-risk
group in the global combating against COVID-19. Nosocomial out-
breaks threaten the health of HCWs in most epidemics. The 2003 severe
acute respiratory syndrome (SARS) outbreak led to over 900 HCWs
infections in the mainland of China (China, 2003). The working en-
vironment of HCWs is the potential risk of their infection (Anderson
et al., 2017; Beggs, Knibbs, Johnson, & Morawska, 2015). However, the
existence of SARS-CoV-2 in different areas of hospital has not been fully
revealed.

In order to better prevent nosocomial infections, reduce occupa-
tional exposure to HCWs and make more efficient use of protective
devices, Chinese National Health and Health Commission has initiated
hierarchical management of the nosocomial environment (China,
2020). According to the Circular of the General Office of the National
Health and Health Commission on Printing and Distributing Guidelines
on the Scope of Use of Common Medical Protective Equipment in
Prevention and Control of Pneumonia Infected in novel coronavirus
(Trial) (Medical letter of the General Office of the National Health and
Health Commission No.75 [2020]), and based on the probability of
contact with COVID-19 confirmed patients, hospital areas have been
classified to different protection levels of Level 1 to Level 3 (See support
information Table S1). However, the degree of environmental risk
varies in different areas of the same ward (Beggs et al., 2015; Phan
et al., 2020). By evaluating the environmental conditions of public
space in the hospital, appropriate protection measures could be taken to
protect HCWs better.

2. Method

2.1. Environmental characteristics

In this research, we chose one Level 1 protection site (hemodialysis
room of Xiangya hospital), one Level 1.5 protection site (general fever
clinic of Xiangya hospital), one Level 2 protection sites (COVID-19 re-
spiratory investigation ward of Xiangya hospital), and three Level 3
protection sites (virus nucleic acid laboratory of Xiangya hospital,
COVID-19 confirmed patient ward of Chenzhou second people's hos-
pital and the confirmed intensive care patient's ward of Shaoyang
central hospital). For easy reference in this study, these three hospitals
were named as: Xiangya Hospital (H-X), Chenzhou Second People's
Hospital (H-C), and Shaoyang Central Hospital (H-S), respectively.

Because H-X is not a designated hospital of COVID-19, once the
patient is diagnosed confirmed, who will be transferred out of the
hospital immediately. So confirmed cases usually stayed in hospital
only for a short period of time. There were no positive samples reported
in the virus nucleic acid laboratory within 9 days before the day of
sampling. There were 9 confirmed patients in H-C, and all of them were
mild cases. The date of their last nucleic acid positive test was earlier
than the environmental sampling at least one week, and all of their IgM
antibody tests results were positive on the day of sampling. In H-S, the
nucleic acid test of the severe patient was still positive at the day before

environmental sampling.
The severe patient in H-S was an 83-year old male. He was already

in coma at that time, had been intubated and invasive ventilator-as-
sisted ventilation. He was also indwelling catheterization, indwelling
gastric tube, with PICC catheter, intravenous infusion port. Because the
virus invaded the lungs, leading to pulmonary diffuse dysfunction, in-
vasive ventilator could not meet his treatment needs. The patient was
receiving ECOM membrane lung treatment at the same time. This pa-
tient's nucleic acid test was still positive on February 28. On the evening
of February 28, this patient was rescued overnight. On the morning of
February 29, the patient had just recovered to calm. During the sam-
pling period, medical treatment and nursing operations were still very
frequent. There were almost non-stop operations within half an hour,
such as feeding medicine in gastric tube, replacing infusion pump,
emptying urine bag, adjusting ventilator parameters, sputum suction,
nursing at intubation port, turning over, etc. HCWs wiped or sprayed
disinfection after every operation, and routine disinfection was acted
every 4 h.

2.2. Environment sampling

Environmental health monitoring was carried out according to
"Hospital Disinfection Health Standard" (GB15982-2012). All air sam-
ples were collected for 30 min using the National Institute for
Occupational Safety and Health (NIOSH) bioaerosol sampler (BC251)
with air pumps (XR5000, SKC) (Xie et al., 2020). The stream of air has
been set to 3.5 L / minute. The NIOSH sampler works by pulling air into
a round chamber and swirling the air around like a cyclone. Particles in
the air were thrown against the wall of the chamber by centrifugal
force, where they collect. The NIOSH sampler divided air sample into
large particles (4 μm and larger), medium particles (1–4 μm) and small
particles (< 1 μm) according to their size. Environmental surfaces were
sampled using swabs by scrubbing the object surfaces. After sampling,
the swab head is inserted into a sterile 2 mL EP tube containing 1 mL
RNAstore reagent (Cat No.DP408, TiANGEN, Beijing) and sealed. After
collection, the whole NIOSH sampler and swabs were sealed and sur-
face sterilized, and transported on ice to the testing laboratory for
processing.

2.3. Sample treatment and RNA extraction

The NIOSH sampler was opened in the biosafety cabinet. Sampled
airborne particles were re-suspended with 1 mL of minimal essential
medium containing 1% bovine serum albumin (Sigma). Viral RNA
(vRNA) was extracted from 200 μL of re-suspended media using the full
automatic nucleic acid extraction and purification instrument (NPA-32
P, BIOER, Hangzhou). The extract sample viral nucleic acid was eluted
in 60 μL elution buffer.

2.4. Detection of viral RNA

The viral RNA was detected by quantitative real-time polymerase
chain reaction (qRT-PCR) according to the laboratory detection
guidelines of coronavirus infection issued by the China Health
Commission. The samples were tested by targeting the SARS-CoV-2
nucleocapsid protein (NP) gene fragment. The primer and probe se-
quences for the N gene region were N-F: 5′-GGGGAACTTCTCCTGCTA
GAAT-3′, N-R: 5′-CAGACATTTTGCTCTCAAGCTG-3′ and 5′-FAM-TTGC
TGCTGCTTGACAGATT-TAMRA-3′. The qRT-PCR assays were per-
formed using Applied Biosystems 7500 Real-Time PCR machine
(Thermo Fisher Scientific Inc., USA). Each PCR contained a positive
control and a negative control. When then PCR had an apparent loga-
rithmic phase in the amplification curve and the cycle threshold value
(Ct value) less than 40, sample was considered as positive.
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3. Results

There were 33 air samples and 112 surface samples in total (support
information Table S2. We did not detect any positive surface sample in
the 1 and 1.5 protection level places. The virus nucleic acid laboratory
of H-X is a level 3 place, and there were no positive results that has been
detected for 9 consecutive days in the laboratory before we sampling,
and we did not detect positive from the environmental samples. In the
infection department of H-C, where mild confirmed patients were ad-
mitted, all the 8 confirmed patients’ nucleic acid test turned negative
and the IgM test turned positive at the day before sampling. No positive
reports were found in environmental samples even parts of samples
were collected from their used masks and their palms.

The situation was quite different when there was a patient whose
nucleic acid test was positive at the sampling date (Table 1). In COVID-
19 respiratory investigation ward of H-X, there was one patient (Bed
No.02) had been confirmed by virus nucleic acid test on the day of
sampling (Fig. 1). One positive surface sample was detected from the
HCWs special access door handle on the HCW-only door, but not from
the room accommodating the confirmed patient. Patients and care-
givers are not allowed to access. Every HCW must touch the door
handle with their gloves when leaving work and before taking off the
protective equipment Figure 1.

The most positive samples were detected from the intensive care
patient's ward of H-S. All air samples and 78.95 % of surface samples
were positive. The overall positive rate was 82.6 %. There was a 30-
metre-long u-shaped passage between the ward of intensive care patient
and the door handle of HCWs special access. However, the SARS-CoV-2
nucleic acid was still detected on the door handle (Fig. 2).

All of the samples’ details were show in Table S2 in support

information.

4. Discussion

There was no positive of SARS-CoV-2 in level 1 and level 1.5 pro-
tection environments, including hemodialysis room and general fever
clinic of H-X. This result indicated that after strict triaged, in non
COVID-19 treatment area (level 1 and level 1.5 protection environ-
ment), the occupational exposure risk of HCWs was relatively low. In
addition, although the virus nucleic acid testing room was a level 3
place, there was no nucleic acid positive, the occupational exposure risk
of HCWs was also very low.

In H-C, there were 8 confirmed patients stayed in the Level 3 wards.
All of them were mild cases, and their virus nucleic acid test turned
negative and the IgM antibody turned positive before this sampling. For
all the samples were negative, it was speculated that those patients
might not expelled the virus after the nucleic acid test turned negative.
This result suggested that monitoring the virus in patient and doing the
patient triage could be beneficial to the both of HCW and patient.

The virus nucleic acid was detected on the door handle of HCW-only
access in COVID-19 respiratory investigation ward of H-X, the virus was
probably stuck to the door handle by contacting with HCWs’ gloves
(Fig. 1). Therefore, hand hygiene of HCWs should be put in the first
place (De la Rosa-Zamboni et al., 2018; Dunne, Kingston, Slevin, &
O’Connell, 2018; Mielke & Hansis, 2018; Monistrol et al., 2012; Salama,
Jamal, Mousa, Al-Abdulghani, & Rotimi, 2013).

The high positive rate of viral nucleic acid was found in the ICU
with a confirmed intensive care patient in H-S. This could be due to the
virus released from the severe patient, and on the other hand, iatro-
genic manipulation resulted in a wider range of viral contamination

Fig. 1. Room Layout Showing Environmental Sampling Sites in COVID-19 respiratory investigation ward of Xiangya Hospital (H-X).
There was one patient with positive nucleic acid test in 02 beds in the ward on the day of sampling. The patient was a 60-year-old male and had been in the ward for a
week, but the first four nucleic acid tests were negative. The nucleic acid test of this patient's nasopharyngeal swab was positive for the first time on the day of
sampling. No positive sample was detected in the ward except for the door handle of HCWs special access.
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(Goyal & Chaudhry, 2019; Guest, Keating, Gould, & Wigglesworth,
2019; Pirincci & Altun, 2016; Pittet et al., 2006; Popp et al., 2019;
Siegel, Rhinehart, Jackson, Chiarello, Health Care Infection Control
Practices Advisory, & Committee, 2007; Steul, Exner, & Heudorf, 2019).
Even though the HCWs of H-S wiped or sprayed disinfection the area
surrounded the patient after each operation, and routine disinfection
was acted every 4 h, the virus’ nucleic acid was still detected in most
part of the room. All the air samples collected from the ward of severe
patient in ICU of H-S were positive, which indicated that the iatrogenic
process may produce the aerosol containing the virus and pollute the
air. The positive samples in the room might be caused by HCWs contact
or viral aerosol deposition. For there was a u-shaped corridor between
the ward and the exit of the HCWs special access, and there were many
opened windows surrounded the access, the virus on the door handle of
the exit was more likely to be caused by contact.

The COVID-19 is still prevalent and the medical system is the last
guarantee to protect public health. Protection of the HCWs is very
important to avoid the overload of the medical system. Previous studies
and our results suggested that monitoring the virus in patient and doing
the patient triage could help to avoid cross infection (McMichael et al.,
2020). Our study also showed that the viral nucleic acid exiting in same
air samples and surfaces of the environments in hospitals during the
COVID-19 pandemic, suggesting potential infection risk, though we did
not confirm the infectivity of the virus. To protect the public and HCWs,
the ventilation of the medical area may reduce the presence of virus in
the air, and sterilization of medical apparatus and instruments and

personal protective equipment may help to reduce the potential infec-
tion risk for HCWs when treating patient.

Hospitals are critical sites for controlling and combating COVID-19.
Besides that, owing to the high transmissibility, high infectious and
high pathogenicity of SARS-CoV-2, and its serious impact on social life
and economy, the central and local governments of China took a series
of forceful measures to deal with the COVID-19 pandemic, including
isolation of suspected patients, monitoring of contact clinical status of
patients, and developing diagnostic and treatment procedures, con-
trolling the public transportation and airports/railway stations, post-
poning the schools and etc to prevent the disease transmission (Li, You
et al., 2020). The COVID-19 has been effectively controlled in China,
and most countries of the world have adopted different strategies to
deal with the pandemic and achieved certain results (Lipsitch,
Swerdlow, & Finelli, 2020; Muller, Neuhann, & Razum, 2020). How-
ever, the SARS-CoV-2 and its infection have some new features, like the
asymptomatic infection, which brings difficulties to the virus preven-
tion and control (Long et al., 2020). The SARS-CoV-2 may last for a long
time. Thus, China proposed the concept of normalization prevention
and control of COVID-19. Recently, a cluster of COVID-19 cases in
Beijing associated with a wholesale market have reported a total of 172
cases as of 18 June 2020. The wholesale market infection event in-
dicates that SARS-CoV-2 spreads through aerosol or close contact in the
densely populated enclosed space probably. Previous studies showed
that ventilation can effectively reduce the risk of virus infection for
interior space (Yue, 2020). This event also highlighted the importance

Fig. 2. Room Layout Showing Environmental Sampling Sites in the intensive care patient's ward of Shaoyang central hospital (H-S).
The condition of the severe patient in ICU of Shaoyang Central Hospital was very bad at that time. He was an 83-year-old male and had already needed invasive
ventilator and received ECOM treatment at the same time. This patient also needed indwelling catheterization and indwelling gastric tube to receive enteral nutrition
due to coma. The night before sampling, the patient was rescued for up to 10 h. We detected SARS-CoV-2 nucleic acid in most of the environmental samples around
this patient. It is important to note that, despite strict disinfection and separated by a long u-shaped corridor, SARS-CoV-2 nucleic acids still had been detected on the
door-handle of the HCWs access.
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of the natural ventilation for buildings (B. Wang & Malkawi, 2019). The
pandemic of COVID-19 also proposed the new requirements for disease
prevention and control strategies and more functions of future buildings
(Xu et al., 2020). In addition, environmental monitoring of virus, smart
city technologies and artificial intelligence (temperature screening
systems, tracking people, intelligent robot and etc), and big data are
playing a more important role in combating infectious disease and
maintaining the sustainable development of society (Kummitha, 2020;
Liu & Li, 2020; Zhou, He, Cai, Wang, & Su, 2019).
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